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Introduction. Recent discoveries have implicated genetic variants in the human GABA transporter 1 (hGAT-1) in epilepsy. Biochemical and pharmacological investigations into these pathogenic mutations have begun to illuminate the molecular mechanisms underlying disease onset. A recurring theme among many disease-associated mutations in neurotransmitter transporter genes is their deleterious effect on protein folding. Their clinical consequences are severe; e.g. misfolded human dopamine and creatine transporter variants cause infantile parkinsonism and intellectual disability, respectively.
Aims. In this study, we systematically evaluated a broad panel of disease-associated hGAT-1 variants to assess the therapeutic potential of pharmacological chaperones in rescuing surface expression and functional GABA uptake.
Methods. Employing a suite of in vitro assays in HEK293 cells alongside in vivo models in Drosophila melanogaster, we characterized the biochemical and functional profiles of each mutant. This included confocal microscopy, radiolabeled GABA uptake assays, and heat-induced seizure paradigms in transgenic flies.
Results. Among the variants studied, the A288V mutant exhibited profound folding defects and elicited a seizure phenotype in vivo. Notably, several small molecules emerged as promising pharmacochaperones capable of partially or fully restoring transporter activity. Treatment of transgenic flies expressing A288V-hGAT-1 with select compounds led to appreciable recovery of hGAT-1 expression within the adult brain.
Discussion. By leveraging novel molecular insights into hGAT-1-associated epileptic disorders and evaluating targeted pharmacological interventions, our findings lay a compelling foundation for the development of next-generation pharmacochaperones—offering a promising therapeutic strategy for pediatric patients suffering from this devastating condition.
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